An avian model for ascertaining the mechanisms of organophosphate neuroteratogenicity and its therapy with mesenchymal stem cell transplantation.
A fast and simple model which uses animals lower on the evolutionary scale is beneficial for progress in neuroteratological research. Here, we established this novel model and applied it in the study of the detrimental effects of pre-hatch exposure to chlorpyrifos on neurogenesis and several neurotransmitter systems in the chick and their reversal, using mesenchymal stem cell (MSC) transplantation. Chicken eggs were injected with the organophosphate chlorpyrifos, 10mg/kg eggs - a dose below the threshold for dysmorphology - on incubation days (ID) 0 and 5 and subsequently the embryos were subjected to intravenous transplantation of MSC on ID 13. After hatching (day 1) the expression of the neurogenesis-related genes DCX (also confirmed by immunohistochemistry), BDNF, MAP 2, FGF 2, SOX 2 and VEGF in the lateral striatum area was decreased in the exposed group (p<0.005). Among the studied neurotransmitter systems (serotonergic, dopaminergic and cholinergic), increased gene expression was demonstrated for tyrosine hydroxylase (TH) and tryptophan hydroxylase (TPH) with a corresponding decrease in serotonin receptor 1A (5HTR1A) (p<0.05); no changes in gene expression of choline transporter, PKC beta and D2 were found following chlorpyrifos exposure. Transplantation of MSC reversed all the neurogenic and serotonergic alterations (p<0.01). The study of chick embryo exposure to insults with subsequent MSC therapy provides a fast and simple model for elucidating the mechanisms of both the neuroteratogenicity and the therapy, steps that are critical for progress toward therapeutic applications.